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An experimental investigation on the effect of planar and curved 
conducting surfaces on the radiation, polarization and impedance
properties of microstrip antennas
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A bstract T he p e rfo rm an ce  o f  a m ic ro strip  pa tch  an tenna  in the p resence o f  a conducting  ground plane has been evaluated  through 
experimentation and com pu ter s im ulation  In particu lar, the changes in the antenna characteristics such as input im pedance, radiation pattern, 
beam width, axial ra tio  e tc , o f  a d iagonally  fed alm ost square m icrostrip  patch antenna have been invesligatcd, the antenna being m ounted 
perpendicular to  a con d u ctin g  p lane E ffect o f  both  p lanar and cylindrical conducting  plane has been considered Rem edial m easure has also been 
proposed for im prov ing  perfo rm ance
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1. In t ro d u c tio n
When a m ic ro s tr ip  a n te n n a  is  in te g ra te d  as  a  p a r t o f  a  sy s tem , 
there may be s itu a tio n s  w h e re  it is  n o t p o s s ib le  to  a v o id  th e
1. M icrostrip pa tch  an ten n a  p e rp en d icu lar to  a co nducting  plane 
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p re se n c e  o f  a  co n d u c tin g  p lan e , w h ich  is p a ra lle l to  th e  
b ro a d s id e  d irec tio n  o f  ra d ia tio n  fro m  m ic ro s tr ip  an ten n a . 
T h is  s itu a tio n  m ay  p ra c tic a lly  a rise  in so m e o f  th e  c a se s  
w h e re  a  sy s tem  d e s ig n e r  m ay  try  to  a c c o m m o d a te  th e  
a n te n n a  in a  m a n n e r  as sh o w n  in th e  F ig u re  1 fro m  o th e r 
c o n s tra in s  o f  sy s tem  d esig n .
T h is  c o m m u n ic a tio n  in v e s tig a te s  th e  e ffe c t o f  su ch  
a n te n n a  p la c e m e n t on  th e  p e rfo rm a n c e  o f  th e  a n te n n a . T h e  
s tu d ie s  p re se n te d  h e re  in c lu d e  th e  e ffe c t o f  th e  c o n d u c tin g  
p la n e  o n  th e  ra d ia tio n  (b e a m  w id th , b e a m  sh a p e  an d  ax ia l 
ra tio )  an d  im p ed an ce  c h a ra c te ris tic s  o f  th e  an ten n a . E x ten siv e  
e x p e rim e n ta tio n  w as p e rfo rm e d  b y  m o u n tin g  m ic ro s tr ip  
a n te n n a s  o n  p la n a r  as  w e ll as  c y lin d r ic a l c o n d u c tin g  
su rfaces .
2. Experimental results
T h e  a n te n n a  u se d  fo r p e rfo rm in g  th e  e x p e rim e n ta tio n  is a  
D ia g o n a lly  F e d  A p p ro x im a te  S q u a re  P a tc h  A n te n n a  
(D F A S P A ) o p e ra tin g  in  th e  X -b a n d  [1 - 3 ] .  T h e  free  sp ace  
c h a ra c te r is tic s  o f  th e  a n te n n a  a re  as  sh o w n  in  F ig u re s  2  
an d  3.
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F ig u re  2. Free space radiation  pattern o f  DFASPA
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F ig u re  3. Free space VSW R pattern o f  DFASPA
T h e  F ig u re s  4 an d  5 sh o w  the  ra d ia tio n  p a tte rn  and  
V S W R  p lo t o f  th e  a n te n n a  m o u n ted  on  th e  m id d le  o f  a 
c o n d u c tin g  c y lin d e r  o f  d ia m e te r  ~ 1 4  in ch es  an d  leng th  
~ 4 0  inches.
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F ig u re  4. R ad iation  pattern  o f  D FA SPA  p laced  on cylinder N ull - l l d B  
and tilting  o f  beam  observed for incident £ '-ncld  horizontal
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F ig u re  5. V SW R  p lo t o f  D FA SPA  m ounted  on cylinder
F ro m  F ig u re s  4  an d  5, it c a n  b e  seen  th a t th e  b e a m  sh a p e  
fo r  in c id e n t E -f ie ld  v e rtic a l an d  th e  2  : I V S W R  b an d  w id th
is n o t e ffe c te d  s ig n if ic a n tly  b y  th e  p re s e n c e  o f  the cylinder 
th e  p a tte rn  fo r  th e  in c id e n t E -f ie ld  h o r iz o n ta l is affected 
sev ere ly . S im ila r  o b se rv a tio n  c a n  b e  m a d e  w h en  the  pattern 
m e a su re m e n t is r e p e a te d  w ith  a  p la n a r  c o n d u c tin g  sheet. The 
F ig u re  6 sh o w s th e  m e a s u re m e n t re su lts .
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F ig u re  6. DFASPA on a conducting  plane Pattern for incidcni £-riclJ 
horizontal is irregular
3. S im u la t io n  r e s u l ts
T h e  p a tte rn s  o f  th e  sa id  D F A S P A  w ith o u t an d  with a 
c o n d u c tin g  p lan e  h av e  a lso  b een  s im u la te d  u s in g  H F $ S  from 
A n so ft C o rp o ra tio n . T h e  p ro b le m  g e o m e try  a n d  simulation 
re su lts  a re  p re se n te d  in F ig u re s  ( 7 - 9 ) .  T h e  re su lts  arc in
F ig u re  8. S im ulation  o f  patch  an tenna  w ith g round p lane (problem 
defin ition  geom etry).
An experimental imestigation on the effect o f  planar and curved etc.
ag reem en t w ith  o u r  e a r l ie r  e x p e rim e n ta l o b se rv a tio n  as can 
be seen from th e  F ig u re  9  w h e re  n u ll a s  w e ll b eam  tik in g  
IS observer fo r <P = 90® p a tte rn .
Antenn* Gun ^ “ 0" Antenna Gun ^ 90"
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to  the conducting  surface is not a ffected . T h e re fo re  D P and 
an tennas canno t be o p era ted  n ea r a c o n d u c tin g  p lane  
re ta in ing  th e  rad ia tion  p ro p ertie s
4 . S u g g e s te d  re m e d ia l m e a s u re s
P erfo rm ance  im proves co n sid e rab ly  i f  th e  co n d u c tin g  p lane 
is co v ered  w ith  ab so rb in g  m ateria l. A set o f  ex p erim en ts  w as 
perfo rm ed  w ith the co n d u c tin g  p lan e  co v ered  w ith  ab so rb in g  
m ateria l. T he resu lts  ob ta ined  are show n  in F igu re  10. T he 
resu lts  are com pared  w ith  th a t o f  free  sp ace  m easu rem en ts  
and  m easu rem en ts w ith  co n d u c tin g  p lane in F igures 11 
and  12.
Fi|:«r* ')■ Radiation pattern in two perpendicular ptanes with and without 
[iroumi plane
From th e  m easu rem en ts  an d  s im u la tio n , it can  be in ferred  
ihat a co n d u c tin g  su rface  p e rp e n d ic u la r  to  th e  an ten n a  p lane  
severely a ffec ts  th e  b eam  sh ap e  an d  ax ia l ra tio  in the p lane 
o f  the co n d u c to r. R ad ia tio n  v e rtic a lly  p o la r ized  w ith  resp ec t
X bund diation&lly ted approx at]uar« antenna Fieq - 9 1 GMr Incident h-ficld vertical aciies 1 -> antenna above ciWmiinfl 
plane aeries 4 anteniu above conducting plane coveicd with absorbmiii shcei, senes 6 free space
Annie in degree
F ig u re  I I .  Com parison o l'p a tte rn  for incident £-field  vertical
•90 -60 -30 0 30 60
Angle in degree
F ig u re  12. Com parison o f pattern for incident Z^-field horizontal
90
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5. Conclusions
The impedance and radiation properties of an almost square 
diagonally fed patch antenna mounted vertically on a 
conducting plane have been investigated both theoretically 
and experimentally. The results indicate tha^ . the radiation 
characteristics of the patch are drastically altered when 
mounted on a conducting surface as compared to its iree- 
space values. But change in impedance properties u  compared
to its free*space characteristics is not significant. A remedial 
measure has also been suggested.
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